Background/Aims: In view of the latest findings that matrix metalloproteinase-7 (MMP-7) acted as a vital marker and pathogenic mediator of renal fibrosis in a murine model, we hypothesized that serum MMP-7 level might serve as a noninvasive prognostic biomarker in IgA nephropathy (IgAN) patients. Methods: We conducted a retrospective follow-up study of 244 IgAN patients for a median of 81.9 months. Serum MMP-7 was detected at the time of diagnosis, and renal progression was assessed by Cox proportional hazards method. Results: Compared with healthy populations, the serum levels of MMP-7 were significantly elevated in IgAN patients. Besides, serum MMP-7 levels were well correlated with renal scarring lesions characterized by glomerular sclerosis and interstitial fibrosis. Follow-up analyses revealed that increased serum MMP-7 levels were linked with a greater risk of poor renal outcome with a hazard ratio of 1.898 per doubling MMP-7 concentration. By contrast with the first quartile, the risk of deterioration in renal function elevated such that the hazard ratio for the second quartile was 1.805, 3.383 for the third, and 5.173 for the fourth quartile of the MMP-7 level. Conclusions: This study showed that the higher serum MMP-7 levels were independently associated with renal fibrosis and poor prognosis in IgAN.
Introduction
IgA nephropathy (IgAN) is the most prevalent primary glomerular disease worldwide, characterized by predominant IgA deposition, either alone or with IgG, IgM, or both, in the glomerular mesangium [1, 2] . Clinical manifestation and course of IgAN are quite heterogeneous, ranging from asymptomatic microscopic hematuria to rapidly progressive glomerulonephritis [3] . It estimates that approximately 30 -50% IgAN patients eventually reach end-stage renal disease (ESRD) within 20 years, obliging renal replacement therapy, dialysis or transplantation [1, 4] . As a consequence, there exists enormous difficulty in choosing optimal treatments for different IgAN patients. Previous studies revealed that part of patients could benefit from immunosuppressive treatment [5] [6] [7] . Ideally, such therapy should only be given to patients who will finally progress to ESRD. Nevertheless, it remains unattainable to accurately predict the long-term clinical outcome for patients with IgAN as yet, especially in the early stages of disease [8] .
Elevated serum creatinine concentration, minimal proteinuria, hyperuricemia and undesirable histological characteristics have been identified as baseline predictors of progression of IgAN [9] [10] [11] [12] . Of them, histopathological examination of renal biopsy tissues is regarded as the gold standard for diagnosing IgAN, which manifests as an increase in mesangial matrix, endocapillary proliferation, along with focal necrosis and interstitial fibrosis [12] . Based on renal biopsy, the Oxford IgAN classification was formulated and represents a valuable prognostic tool for IgAN [13] . Interstitial fibrosis is one of the most important histological indicators, confirmed by a large number of original studies [14, 15] . However, noninvasive markers of IgAN with prognostic value are still scarce, which will be of great significance for current clinical work.
Our previous results obtained in RNA-sequencing revealed that the expression of matrix metalloproteinase-7 (MMP-7) mRNA is markedly heightened in the kidney tissues of IgA patients [16] . MMP-7 is a secreted zinc-and calcium-dependent endopeptidase, which acts on a broad range of extracellular matrix components, such as type IV collagen, laminin, fibronectin, and entactin [17, 18] . Besides, activation of MMP-7 can function in the breakdown of extracellular matrix (ECM) and the cleavage of other substrates, Fas ligand, E-cadherin and also. The versatility of MMP-7 embodies itself a pivotal role in regulating a diverse range of cellular processes, including ECM remodeling and epithelial-mesenchymal transition(EMT) [19, 20] . Not a few studies have reported that upregulation of MMP-7 was found in several fibrosis-related diseases, such as idiopathic pulmonary fibrosis [21] , cirrhosis [22] . Moreover, recent publications demonstrated that the renal expression of MMP-7 was enhanced in kidney fibrosis as well, which correlates with β-catenin [23, 24] .
Allow for previous reports of heightened renal MMP-7 expression in renal fibrosis and the significance of kidney fibrosis implicated in the pathogenesis of IgAN [25, 26] , we hypothesized that the intrarenal fibrosis signature could be detected noninvasively by quantification of MMP-7 level in circulation and, it might serve as a noninvasive prognostic biomarker in IgAN. Since MMP-7 expression is little investigated in IgAN by now, in this study, we examined the association of serum MMP-7 level and histopathological change, as well as the renal progression of IgAN in a cohort of biopsy proven patients.
Materials and Methods

Ethics Statement
This study was performed in full adherence to the Declaration of Helsinki, and was approved by the Ethics Committee of the First Affiliated Hospital of College of Medicine of Zhejiang University. All patients and healthy controls provided written informed consent. Renal biopsies were operated according to our local regular clinical protocol.
Patients and healthy controls
This was a single center retrospective study. Pathology Department electronic database from January 2003 to December 2012 was comprehensively reviewed to identify eligible IgAN patients with definite histological diagnosis. Patients with Henoch-Schonlein purpura, systemic lupus erythematosus, vasculitis were considered as unqualified. We further excluded patients aged < 18 years or > 75 years, and patients who initially presented with eGFR < 20 ml/min per 1.73 m 2 were also eliminated in our study. In addition, subjects were excluded if they had missing data on baseline and short follow-up (< 6 months). Overall, a total of 244 IgAN patients were included in the present study. The healthy population controls were composed of 40 age and gender matched individuals with the IgAN patients. Among them, there were 19 males and 21 females, with their mean age was 37.5 ± 8.3 years. All healthy controls were at least 18 years old. In addition, 30 AKI patients with reduced renal function not due to fibrotic conditions were also included as controls.
Data Collection
At the time of the renal biopsy, complete clinical data, including age, gender, systolic/diastolic blood pressure, serum creatinine, eGFR by CKD-EPI equation [27, 28] , 24-h total protein excretion, macroscopic hematuria were recorded. Besides, history of preceding infection, medication use (renin angiotensin system blockade, corticosteroids, other immunosuppressive agents) as well as clinical and biological data were also collected.
Histopathology
Each specimen was routinely processed for light microscopy, immunofluorescence microscopy, and electron microscopy. Of them, Masson's trichrome staining was utilized to determine the fibrosis degree of the renal specimens. After the initiation of the present study, all available renal specimens were reassessed and graded by an experienced renal pathologist in a blind manner, in accordance with the Oxford classification [12] . The mesangial cellularity was scored 0 (< 4 mesangial cells per mesangial area), 1 (4 -5 cells), 2 (6 -7 cells), and 3 (≥ 8 cells) for each glomerulus. The mean score of all glomeruli was classified as M0 (≤ 0.5) and M1 (> 0.5). When more than half of glomeruli show score ≥ 1, the case was classified as M1 without scoring each glomerulus. Segmental glomerulosclerosis and endocapillary hypercellularity were categorized as either present (S1 and E1) or absent (S0 and E0). Tubular atrophy/ interstitial fibrosis was estimated semi-quantitatively and classified as T0 (0 -25% of cortical area), T1 (26 -50% of cortical area), or T2 (≥ 50% of cortical area).
Detection of serum MMP-7 level by ELISA
Serum from IgAN patients, collected at the time of renal biopsy, and from controls were aliquoted and stored at -80℃ until the time of assays. Serum MMP-7 level was measured using a commercial human MMP-7 enzyme-linked immunosorbent (ELISA) kit, according to manufactory's instructions (DMP700, R&D System, USA). All samples were tested in duplicate with five-fold dilutions. The results for MMP-7 were expressed as ng/ml.
Study Outcome
The composite end point of the present study was defined by the onset of ESRD and a 50% decline in eGFR from the time of diagnosis of IgAN. ESRD was defined as the requirement for renal replacement therapy or transplantation.
Statistical analyses
Above all, original MMP-7 levels were highly skewed, so that log 2 -transformation was used. Continuous variables were reported as means and standard deviations, or median and IQR. Qualitative variables were summarized by ratios and percentages. Differences in means for continuous variables were judged using unpaired Student's t-test or non parametric test or analysis of variance, and differences in proportions were calculated by χ 2 test. Correlations between log 2 MMP-7 and biological data and MEST scores were calculated by the Pearson and Spearman correlation coefficient. Besides, univariate and multivariate Cox regression analyses were conducted. Serum MMP-7 was first analyzed as a continuous variable with HRs calculated per doubling original MMP-7 concentrations, and then the MMP-7 quartile as a categorical variable, with the lowest quartile regarded as the reference group.
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Finally, Harrell's C index was calculated to compare the different discriminatory ability between Cox regression models. Using this index, we addressed the power of serum MMP-7 level in the prediction of renal survival. A two-sided P-value < 0.05 was considered statistically significant. All statistical analyses were performed using SPSS package, version 22.0 (Chicago, Illinois, USA) and STATA version 13.0 software (STATA Corp, College Station, Texas, USA). 
Results
Baseline characteristics of IgA patients
Serum MMP-7 levels are increased in IgAN patients
Previous study suggested that MMP-7 was detectable in the urine of animal models of CKD [24] . Here we firstly compared serum MMP-7 concentrations in 244 IgAN patients with 40 healthy controls. Results revealed that serum MMP-7 levels were notably increased in patients with IgAN (median: 5.99 ng/ml, interquartile range (IQR) 3.53 -10.18 ng/ml, P < 0.00001), as presented in Figure 1A . Besides, elevation of serum MMP-7 levels was also found in 30 AKI patients (median: 1.84 ng/ml, IQR 1.06 -2.66 ng/ml, P < 0.001). However, the magnitude of increase was significantly smaller than that in patients with IgAN ( Figure  1A ). Then serum MMP-7 levels were further compared between AKI patients and a subset of IgAN patents with a comparable eGFR. As expected, serum MMP-7 levels were still much higher in the IgAN patients with similar renal function (median: 5.89, IQR 3.48 -7.19 ng/ ml, P < 0.0001). At last, we found that the levels of serum MMP-7 were closely related to the severity of kidney function decline among IgAN patients, with correlation coefficient r = -0.565 ( Figure 1B) . Table 2 .
Pathological features
Histological characteristics in respect to M, E, S, T items were also shown in Table 1 . Among all biopsy specimens, 161(66%), 60 (24.6%), 23 (9.4%) were graded T0, T1, T2, respectively. 100 (41%), 144(59%) were scored S0, S1. Additionally, crescents were found in 72 (29.5%) cases. IgAN patients were next divided into four equal groups according to the quartiles of the MMP-7 distribution; group 1: serum MMP-7 levels < 3.54 ng/ml; group 2: serum MMP-7 between 3.54 and 5.98 ng/ml; group 3: serum MMP-7 levels between 5.98 and 9.99 ng/ml; and group 4, serum MMP-7 levels > 10.24 ng/ml. No significant association between MMP-7 levels and age, gender, gross hematuria and treatment was observed (Table 3) . However, there existed a distinct trend for lower eGFR, higher proteinuria, increased proportions of hypertension and more severe histological changes in groups with higher MMP-7 levels.
Association of serum MMP-7 levels with MEST scores.
Considering that MMP-7 as a direct target of Wnt/β-catenin, involved in renal fibrogenesis [24] , we explored the possible association between serum MMP-7 levels and MEST scores in IgAN patients. Results showed that except E item, M, S, T items were all strongly linked with log 2 MMP-7, with r = 0.29, 0.14, 0.57, respectively. In other words, serum MMP-7 levels were significantly raised in patients with interstitial (T), glomerular (S) fibrotic lesions and mesangial hypercellularity (M), especially in T2 patients (Figure 2 ).
Prognostic value of serum MMP-7 level for renal outcome in IgAN patients
During a median follow-up of 81.9 (46.3 -116.6) months, 92 (37.7%) patients reached the composite end point, comprising ESRD (n = 64) and 50% decline in eGFR (n = 28). Baseline clinical and pathological variables were analyzed for associations with renal outcome using Cox proportional hazards models.
Unadjusted and multivariable adjusted hazard ratios (HRs) are shown in Table 4 , according to baseline MMP-7 levels, expressed as a continuous variable or in quartiles. In ad- justed analysis of model 1including sex, age, and baseline clinical variables (eGFR, proteinuria, hypertension), higher MMP-7 levels were independently related with adverse renal outcome (HR, per doubling MMP-7 1.948; 95% confidence interval (CI), 1.478 -2.567, P = 0.000002). Further adjustment for history of preceding infection, gross hematuria and steroid use, log 2 MMP-7 remained notably associated with renal function decline (HR = 2.023, 95% CI 1.478 -2.567, P = 0.000001). Considering the relevance between serum MMP-7 levels and histological variables in IgAN patients, the components Table 4 . Risks of composite end-point log 2 -transformed MMP-7 and ascending quartiles of the Oxford-MEST lesion classification were additionally adjusted in the model 3. Finally, results demonstrated that serum MMP-7 could still significantly predict the risk of kidney failure (HR = 1.898, 95 CI% 1.408 -2.559, P = 0.000026). Figure 3 , renal outcome dramatically deteriorated with the quartiles of serum MMP-7 levels. Of IgAN patients with the higher levels of serum MMP-7, cumulative renal survival was significantly lower (P < 0.001).
As depicted in
Comparative prognostic values of serum MMP-7 level and Oxford MEST for prediction of renal outcome
At last, we calculated Harrell's C index in multivariate Cox regression models to compare the predictive capacity of serum MMP level with Oxford-MEST scores (Table 5) . Oxford-MEST lesions are well-known risk factors for renal progression, with a high C-statistic in model 1 (C-statistic, 0.819, 95% CI: 0.779 -0.859). Of note, model 2 in which MMP-7 was included yielded a similar C-statistic (C-statistic, 0.829, 95% CI; 0.791 -0.866), P = 0.139.
Discussion
The present study demonstrated that serum MMP-7 levels were remarkably associated with deterioration of renal outcome in patients with IgAN, independent of baseline eGFR, proteinuria, and unsatisfied histopathological features, such as glomerular sclerosis, tubule- For a more accurate understanding of the prognostic value of MMP-7, quartiles of MMP-7 were used in our regression models. Compared with the first quartile of MMP-7, regarded as reference group, the risks of renal failure were strikingly elevated by the quartile of MMP-7 levels, especially in the third and fourth group, the HRs were 3.383, 95% CI (1.35, 8.481) and 5.173, 95% CI (2.023, 13.225), respectively. Nevertheless, no distinct increase was noted in the second group (HR = 1.805, 95% CI 0.649 -5.021, P = 0.258).
The Oxford classification of IgAN does not account for glomerular crescents. A recent large IgAN cohorts revealed that crescents predicted a higher risk of 50% decline in eGFR or ESRD in patients without receiving immunosuppression [29] . Moreover, having crescents in at least one fourth of glomeruli independently related with a combined event in patients, no matter receiving immunosuppression or not. Hence, presence of crescents or not was further added into the fully adjusted model. Additional adjustment for crescents did not attenuate the association between serum MMP-7 and poor renal outcome (HR, per doubling MMP-7 1.87, 95% CI 1.383 -2.528, P = 0.000047).
interstitial fibrosis, or even crescents. Moreover, compared with the model using the Oxford-MEST scores, serum MMP-7 displayed a comparable predictive power for progression of ESRD.
A highly variable course was observed among different IgAN patients. While a subset of patients are under a rather favorable disease trajectory, some patients manifest with rapid decline in renal function. Therefore, it is difficult to predict long-term outcomes between individuals. Hypertension, renal insufficiency and heavy proteinuria are known risk factors for poor prognosis in the context of IgAN [30] . Nevertheless, identification of other putative factors implicated in the progression of IgAN is still a developing area of interest.
Interstitial fibrosis and glomerular sclerosis are two potent prognostic factors for developing ESRD in patients with IgAN [14] . As the final common pathway of almost all progressive chronic kidney diseases, renal fibrosis may already be present before a decline in renal function is detectable by other clinical methods. However, early detecting kidney fibrosis has to rely on an invasive test of renal biopsy, which may be unnecessary for the majority of IgAN patients.
Recently, mounting studies were devoting to identifying possible fibrosis-related biomarkers with prognostic values for IgAN patients. Protein and/or mRNA biomarkers in urine and peripheral blood are most widely investigated. One latest cohorts study compared 92 IgAN patients with 53 healthy controls, results revealed that a combination of markers of collagen type III turnover, in particular the urinary Pro-C3/C3M ratio, was a promising novel, non-invasive diagnostic and prognostic tool to reflect disease severity and progression in patients with IgAN [31] .
MiRNAs, regarded as new biomarkers and participators, were also identified in the physio-pathological processes of renal fibrosis. After measuring renal expression of miR-21-5p, miR-214-3p, and miR-199a-5p levels, Hennino et al. confirmed that miR-21-5p acted as a "fibromiRs", participated in the course of IgAN and closely linked with renal survival [25] . Furthermore, several publications suggested that circulating miRNAs levels might also represent a novel, predictive and reliable blood marker of kidney fibrosis [32] [33] [34] .
Both in previous vivo and vitro studies have firmly established that MMP-7 played a pivotal role in the development of kidney fibrosis. In the murine models of obstructive nephropathy and focal segmental glomerulosclerosis, He et al. [24] observed that the pattern and extent of MMP-7 expression were positively associated with Wnt/β-catenin signaling. What is more, by ablation of MMP-7 in null mice, Zhou et al. [23] found renal fibrotic lesions were substantially ameliorated after UUO, which was mediated by inhibition of β-catenin activation. Overall, results from animal models indicated that MMP-7 not only was a biomarker for kidney fibrosis but also, functioned as a pathogenic mediator that promoted renal fibrosis.
Hence, we hypothesized that serum MMP-7 levels might serve as a noninvasive surrogate biomarker for disease progression in IgAN patients. Here our study verified that serum MMP-7 levels were extremely elevated in patients with IgAN. This finding differed from the result of Zhou et al, which indicated that serum MMP-7 levels were only slightly enhanced in patients with various CKD. The inconsistency might be ascribed to the different study populations. Besides, it could be also inferred that serum MMP-7 expression was elevated more significantly in IgAN, compared with other CKD.
Furthermore, our study found that serum MMP-7 levels inversely correlated with proteinuria in IgAN patients (data were not shown). These data suggested that serum MMP-7 might serve as an indicator for the severity of renal dysfunction in patients with IgAN.
The Oxford classification of IgAN identified four types of items as specific pathological features which were regarded as independent predictors of renal outcome. Correlation analyses showed that serum MMP-7 levels were remarkably increased in IgAN patients exhibiting fibrotic changes, including tubulointerstitial fibrosis and glomerular sclerosis. Additionally, an overt correlation between higher serum MMP-7 level with mesangial proliferation was also noted. Taken together, these data further demonstrated that serum MMP-7 levels were positively related with kidney fibrosis in IgAN patients.
From retrospective follow-up data, we found that a higher level of serum MMP-7 was independently associated with elevated risk of renal dysfunction, even in the fully adjusted model. Among cases with biopsy-proven diagnosis of IgAN, patients with the highest vs. the lowest quartile revealed a 5.173-fold greater risk of kidney disease progression. Thus, our results indicated that elevated level of serum MMP-7 may have a prognostic value in patients with IgAN. So patients with a higher level of serum MMP-7 should be warranted to receive a more intensive treatment.
Seeing the phenomenon already observed about the induction expression of MMP-7 in other fibrosis-related diseases, including diabetic nephropathy, obstructive nephropathy, and chronic allograft nephropathy [35] [36] [37] , it could well be that MMP-7 is a key player in renal fibrosis, irrespective of the underlying renal disease. However, association between urine MMP-7 level and kidney disease progression was not found in type 2 diabetes, after additional adjustment for eGFR and ACR [38] . As a whole, although increase in serum MMP-7 levels might be not specific for IgAN, these results still offer a potential diagnostic and prognostic values in the field of IgAN.
The strengths of our study include the relatively long follow-up, with a median of 81.9 months, which generates enough outcome events for further analyses during this period. Furthermore, adequate adjustment was performed, so that influence of confounding factors was averted as much as possible. Besides, the enzyme-linked immunosorbent assay for serum MMP-7 measurement was of a high repeatability, which provides a guarantee for the reliability of our results.
There are some limitations to this study. First, this is a retrospective follow-up study, lack of some data and imprecise is the major problem. Secondly, fibrosis degree of the renal specimens was only evaluated by Masson's trichrome staining, not Sirius red staining. Thirdly, our cohort size is rather small, and these results will need to be validated in a larger prospective cohort. Fourthly, the observed distribution of serum MMP-7 levels is distinctly skewed. To solve this problem, quartiles of serum MMP-7 levels are adopted in our regression analyses. Further, only serum samples were tested in the present study. Urine samples of larger patients will be further measured. Finally, we used a single baseline measurement of MMP-7 to predict outcome events; whether changes in MMP-7 over time add incremental predictive value is unknown.
Conclusions
In conclusion, this is the first study to demonstrate that higher serum MMP-7 level is associated with kidney fibrosis and adverse renal survival, which may serve as a noninvasive prognostic biomarker in patients with IgAN. Larger prospective cohort studies are needed to further verify its prognostic value and, whether serum MMP-7 levels vary in the course of IgAN respond to specific treatment regimens.
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